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SURFACE PROTEIN OF STAPHYLOCOCCUS AUREUS 



FIELD OF THE INVENTION 

This invention relates to methods and compositions for 
preventing infections by Staphylococcus aureus ( S. aureus ) , 
especially those triggered by the use of catheters prosthetic 
devices and heart valve replacements. More specif ically, it 
relates to methods and compositions useful for inhibiting the 
ability of a surface protein of S. aureus to implement adhesion 
of the organism to endothelical cells or to catheters at the 
skin-catherter junction thereby initiating infection* 

BACKGROUND OF THE INVENTION 

S . aureus is one of the most frequently encountered 
pathogens in infections acquired in the hospital. It accounts 
for 25% of all hospital acquired infections resulting from the 
use of catheters or similar structures. Since a great majority 
of patients entering a hospital require some sort of intravenous 
device, there is a very high probability of infection. The same 
type of risk applies to the use of prosthetic devices such a as 
hip and other joint replacements because the ability of 
staphylococci to adhere to such devices. 

One of the initial reactions of the mammalian host to the 
presences of a catheter is to coat the object with fibrinogen and 
other matrix proteins as a prelude to the systemic reaction which 
is intended to expel the invasion. In a hospital setting, this 
provides an opportunity of infection by S . aureus which attaches 
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itself to the fibrinogen at the sKin-catheter injunction and 

TrITTr* 3 My thr ° U9h ^ SWn ™ the blood. 

Since the straps prevalent in hospitals, nursing hc.es and other 

patent care facilities are often antibiotic resistant, these 

coLM T^™ a " eXtIenely " rlOUS ^ Ver * to 
contain. Accordingly, the art has expended much effort to 

prevent such opportunistic infections. 
BRIEF SUMMARY nr THE INVENTTOM 

been *. SU " a ° e Pr ° tein ' Md th * **ich presses it, have now 

hee„ discovered. This protein enables the invading bacteria to 
adhere to the fibrinogen. Antibodies to fibrinogen or to the 
• surface protein will prevent bacterial adhesion and thereby 

ustfui ^ Pr ° tein =~ S ° f «- *"t- «. 
useful as vaccines or for the production of antibodies useful for 

zzlt^:: of patients prior to the - - * — - 

This invention, therefore, comprises the protein itself and 
stents thereof, the gene and segments thereof which produce 
such products, vectors for the gene and its useful segments 
organisms transformed by such vectors, monoclonal and polyaional 

prlc T\ :. the Pr ° tein ^ " S USefUl seines 

Prevent « " 9 Pr ° tain ^ " S — ™ "«"ccs of 
Preventing s. aureus infections utili 2 i ng such products. The 

invention also includes diagnostic probes utilizing the gene 
products described herein. 
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THE FIGURES 

There follows a brief description of the figures. 

proJtth SET bl °l ? C6UUlar fraCti ° nS ° f Cl ° ne ~ " 
LniuoaL ! lbrin ° gen f ° ll0Wed b * ^-fibrinogen antibody 
conjugate. The control contains the lysate of an E ar>n , 
with PBH3 22 insert in Y Zap. The arrow's indicate a 3 4 *t "~ 
reactive band together with an upper band which may be a di*er 
Results of a duplicate blot probed with 125 r flhr £ 
similar. fibrinogen were 



Fig. 2 Western blot (A) and silver-stained gel (B , of the 
Per.plas.ic extract of clone number 14 fractionated in a 
fibrinogen column. The Western blot was probed with 
fibrinogen/anti-fibrinogen conjugate. The short arrow indicates 
the fibr.nogen-reactive band from crude lysate positive controX 

^ rir; A :r s d a 34 " protein that ~ - 

[4th lane an (A) ] and is eluded with 3 M potassium thiocvanate 
but not with pbs with 0.5 M Naci nor with acid elusion ' 

fibrin^' 3 12 ^ COmPlete S6qUenCe ° f Cl ° ne 36 encoding 
fibrinogen reactive protein. »<-oaing 

Fig. 4 Sequence comparison of strain DB to that of 
coaguiases from strains 8325-4, 213 and BB with the Pileup 
Program under the GCG package. The arrows indicate the £ amino 
acid sequence that is unique to the protein. This sequence 
shares homology with a cell wall anchor motif found in other gram 
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thxs «t« xn the Genhan*. The arrows at resiues 40 , ^ t0 
indicate , unique sequence segment of this protein. 

The amino half (residues 59--i?<^ *v 

p r w ily he lical as predi ( cted b ;z T^lT'lt* 

areas (residues 5 s-l 94 and 264-2*7, reV eal a 7 r ™ 1S ' ^ 
per.od.czty in which residues in position <*> and in a heota. 
»otxf -abcdefg- are either hydrophobic or nonpolar ThL oatT 
is consistent with a coiled-coil confor^tionai stuct^e 1 
sequence is analyzed by the Matcher Program (22) 

that I?'" S r enCe C ° npariSOn ° f ~ P-tein (strain DB) to 
that of coagulases fro. strains 8325-4, 213 and BB with the 
Pxleup program under the ccc parage. The arrows indLtTthe u 
am.no acid sequence that is unique to our protein 
shares homology with a cell wall anchor Jif fo td ToZT^ 
Positive cell wall protein. However, there is no c^et ^ 
identify to this motif in the Genbank. 

The following abbreviations are employed in th* • * • 

of this invention: he descri P t "n 

Strain DB - a wild strain of s. aureus 
N2Y broth - a commercially available 
growth medium 
- a commercially available 
growth medium 
1PTG - Isopropyl-beta-D- 

thiogalactopyronoside 
BSA - bovine serum albumin 
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X-gal . 5-broao-4-chlero-3- indolyl . 

SDS ^^"^lactopyranoside 
- sodium dodecyl sulfate 
40 " a commercially available 

nonionic detergent 
PBR322 - a commercially available 

plasmid of known structure 
PBluescrxpt - a commercially available 

SSPE - PhageDid ° f known st ^cture 

SSPE - O.lSNaCl, 10mMNaH 2 P 0 , 

Im MEDTA pH7.4 4 

TSE buffer - 0.1M Tri« onj. 

"•in ins, 20% sucrose, 

5mM EDTA pH8 
- Phosphate buffered saline 



PBS 



Strain DB has been deposited at tho > 
collection under the accession nlLr^!^" ^ C °»- 

The following Materials and Methods section < 
convince and ease o f understanding „ ITs inCLt™ ** 

MATERIALS awn ur-m^ 

Bacteria, plasmids 

... : "~,:;«rr:rJ"';;«r'=~"--" <•• 

cre pnagemids derived from fi>,».< 

irom fibrinogen-reactive 
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Places containing the insert. A pBiaescript p nagemid , pAC8 , 

ic^zrr * protein a ci ™ - *- ' - — 

Media and Antibiotics 

NZ v H^r 5 T herWiS€ indiC3ted ' lollop media vew used: 

br ° th and M ("> used for the growth of E. coli 

strains. 




Goat anti-human fibrinogen antibody obtained commercially 
(Cappel, West Chester PA) was af f inity-pu rif ied on a fibrinogen 
column as previously described (7). The fibrinogen column was 
prepared with glutardialehyde activated beads (Boehringer 
Mannheim, Indianapolis, in, as described in the manufacturer's 
insert (4) . The monospecif icity of the affinity purified goat 
anti-human fibrinogen IgG was verified by an immunoblot using 
purif ied fibrinogen and plasma as antigens (7) . The pro tein 

the nC Bcr ati r-° f ^ affinity PUriflGd antib ° dy WaS determined by 
the BCA protein assay reagent (Pierce Chemicals, Rockeford, it). 

Affinity purified goat anti-f ibrinogen antibody vas conjugated to 
bovine intestinal alkaline phosphates (Sigma, St. Lous is, MO, as 
described by Voller (32, . 

C onstruction and screening of sta^hj^ococcaj g lT - rnry 

veot A !!Tk C library ° f Strain DB Const ^ted with the Zap 
vector that has been digested with EcoRl and dephosphorylated 
(Stratagene cloning kit, . DB chromosomal DNA was extracted from 
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olTTTsZT, T as previously described (5 -"»- — - 

filtration on Sepharose CL2B to remove fragments SBaUer S ^ 

methv^ P8 )»~~~ to ">»t ends, methylate with EcoRI 

methylene (New England Biolabs. Boston, MA) , insert into the 
MX site of the zap vector with EcoRI linkers and packed in 
vitro with cigapack packing extracts (statagene, . over m o £ 
the recombinant pha g es were recognised as white plagues when 
Plated on lac host strain Sure in the presence of TZ and X- 

For the screening of fibrinogen reactive plagues 
^-t Phage was incubated with the E. coli host'on NZV agar 
(23 at 42 c for gene expression. Following transfer to 
duplxcate nitrocellulose filters (82 - i„ diameter, Schleicher < 
sch-ell Xeene, m , the filters were blocked with 0.1 o w 
buffer (10 m iris with 0.15 H Nacl and 0.05* Tween 20, 

V* 1 ^ " RT "* lnCUb " ed «t 3'°C for 

2h wxth 25 ug of fibrinogen (Sigma ,4 8 «,3,. This fibrlnogen 

column to remove contaminated Igo and was found to be essentiallv 
free of contaminants as determined by a silver-stained SOS-gel 
eontein a „g this protein. The filters were then washed once with 

7»lTlTl T BSA ind and tKlca ^ 

antib^v Z I eSCh - im " lty PUrlfUd *° at enti-fibrinogen 
entibody alkalme phosphatase conjugate diluted l:iooo in tnt 

a b t"r V " h " BS h A "« th « i~ ed with the filter for 1 hour 
at RT. After washing the filters twice with TNT with o l% bsa 
and o.l, NP40 and three times with TNT with 0.1* BSA for 5 min 
each, fibrinogen-reactive places were visualised with 5-bromo- 
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or E. coli cells a i flM „ €rt plated on E.coli 

clones -^^^ru"^^- ^ 

reaction, the nitrocellulose filters wew * • J - owln 9 

r o » bsa and NP40 and ^izltz r 

at least 4 ti.es. ' " y rescreen "9 each positive clone 
~ SSaHSncino of the fibrinog en reactive 

fl helL 1 "^ 0 "" 9 ^ C ° U h ° St " raln ^""Itaneously „ itn a 
" hel P er P» a S» (R408) and the-tzap vector ■ 

a singxe strand DMA containing tne pBioesIript Z^M 

-~* can be packed for recirculation ZClT^l £ ^ 

were purified from E. coli bv .™n k ." aS " ldS tor ^guencing 
Cesii™ ,.„, Y e ^ lllb ">™ "ntrifugation in 

Cesium chlonde-ethidium bromide gradients f 231 «. 

the Pl asnid was confirmed b y digestion ^reLicci " " 

- p^ed'^r; piasnid s ~* ° e — " - 

fwionnea with the Seguenase kit ru s B in^„ • , 
Cleveland OH, following the manufacture -s' iLl^Z" «' 
= onal primers .ere obtained for sequencing from wi^^ 
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Southern blot hybrid i 



Southern blot hybridization was performed with randon, „ • „ 

resol ^ ehr0m ° S0Bal Dm dl '«^ «th restriotion enzymes was 
reso!ved on 0.7% TBE gel and transferred onto Hvbond »+ 1 
Amersham, Arlington Heights, il, (14) 0^1^ 
with 32 p ; 32 d ! DNA probes were labeled 

rando, ■ , de01tl,cytldlne diphosphate, Amersham, uslng toe 
random pnmed DNA labeling Uts (Boehringer Mannheim . The 
membrane was then hybridized with the », labeled DNA probe at 
« C overnzght, washed twice with 2X SSPE with 0.1% SDS at RT for 
10 U each followed by IX SSPE with O.U SDS at «ofV 'f f* 

^ ^ T * — diograph " * an ^ 
intensifying screen at -70°c. 

agression of fib,, y .. , ,„ , ^ ^ ^ ^ 

for thT ^ tte " biM ' e - bl " ii "' clone 14 was evaluated 

5^=2^ cells containing this clone was grown in 10 ml otlf^t 
50 ug/ml of ampicillin at 37°c until the OD reached , I 
cells were collected by cetrifugation at ,.000°°, " 10 min and 
^suspended in a . 2S nl of iee cold TSE ^ » » » «* 

a. 0 containing M % sucrose and 5mH EDTA) . Lysozyme was added to 
min \ '""^"^ of and the sample was iced for To 

«n. For whole cell lysate, 0. 25 .1 of this suspension was 
removed and 7.5 ul of Tr-it-™ v , p on was 

no *m K«n +-k 50 Ul ° f DNase solution 

£L« ^ " Ug/ml ° f DNaS6) ^ added ' -.pie was 

frozen (-70°C) and thawed twice. 
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Magnesium chloride was added to the remaining 1 ml. cell 
suspension (50 mM final concentration) to stabilize the 
spheroplasts which were then pelted at 7,000 g for 15 min. The 
supernatant was filtered through a 0.45 urn Millipore membrane to 
obtain the periplasmic fraction. 

To lyse the spheroplasts, 0.25 ml of DNase solution was 
added to the pellet along with 0.75 of water. The spheroplasts 
were aspirated vigorously several times with a pasteur pipette, 
frozen and thawed twice as described above. The lysate 
generated by this treatment was centrifuged for 49,000 g for 1 
hr. The supernatant filtered through a 0.4 um membrane was 
designated cytoplasmic fraction. 

The transformed E. coli has been deposited at the American 
Type Culture Collection under the accession number 



SDS-PAGE and immunoblot analysis 

Cellular extracts (10 ul each) were separated on 9% SDS- 

polyacrylamide gel slabs by the method of Laemmli (21) . 

Prestained molecular standards (BRL, Gaithersburg, MD) were run 

concurrently in adjacent wells. After electrophoresis, the gel 

was either stained with silver (Pierce Chemicals) or transferred 

onto nitrocellulose (30). After transfer, the nitrocellulose 

filters were allowed to react with fibrinogen followed by 

affinity purified goat anti-f ibrinogen alkaline phosphatase 

conjugate and reactive substrate as described for the screening 

of the genomic library. In some experiments, the filters were 
125 

xncubated with I fibrinogen (250,000 cpm) , washed and 
autoradiographed as described above. 
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To detect other proteins in the cell extracts, the specific 
antibody diluted in blocking buffer (Tris lOmN with 0.5 M NaCl 
and 0.05% Tween 20, pH 8.2) was incubated with the blot for 2 
hours at RT. This was followed by incubation with an appropriate 
alkaline phosphate conjugate for 1 hour and then processed for 
band visualization as previously described (3) . 

Partial purifi cation of the f ibrinoqen-reactive protein of S. 
aureus 

In an attempt to purify the fibrinogen-reactive protein from 
clone 14, periplasmic extracts from 4 L of culture were prepared 
as previously described. Briefly, cells were harvested by 
centrifugation (7,000 g for 20 min) and resuspended in 75 ml of 
TSE buffer containing 37.5 mg of lysozyme. After incubation on 
ice for 20 min, MgCl 2 was added to a final concentration of 50 mM 
and spheroplasts segmented at 7,000 g for 3 0 min. The 
periplasmic fraction was aspirated from the supernatant, filtered 
through a 0.45 urn membrane and immediately applied to a 
fibrinogen column (2.5 x 20 cm) followed by rotation at 4°C 
overnight. The fibrinogen column was prepared by mixing 25 mg of 
fibrinogen and 5 gm of glutardialdehyde beads as described (4) . 
After collecting the fall through, the column was washed with 150 
ml. of PBS followed by 150 ml of PBS with 0.5 NaCl. The 
f ibrinogen-binding protein was then eluded by rotating the column 
with 10 ml of 3 M potassium thiocyanate at RT for 20 Min followed 
by collection. In preliminary studies, a similar elusion 
procedure with 0.1M glycine pH 3.0 was not successful. Fractions 
from the column were concentrated in a Centricon 10 (Amicon, 
Danvers, MA) and analyzed by SDS-PAGE and immunoblots with 
fibrinogen as described. 
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Computer analy sis of seq uence 

DMA protein sequence analysis, and sequence comparison with 
database were conducted with the Sequence Analysis Software 
Package from the Genetics Computer Group (University of 
Wisconsin, Madison, WI) (9) . The deduced amino acid sequence of 
the putative protein was compared to a sequence database by the 
algorithm of Pearson and Lipman (TFASTA implementation of 
GenBank) (25) . The fibrinogen reactive protein sequence shown in 
the figures has been assigned to clone 36. 

RESULTS 

Isolation of fi brinogen reactive clones 

Using the foregoing procedures, aT Zap library of strain DB 
vas screened for clones that were reactive with fibrinogen Of ' 
100,000 plagues screened, three novel clones, designated 14 30 
and 36, were found to be highly reactive with both 125 i 
fibrinogen and f ibrinogen/antif ibrinogen conjugate on 
immunoblots. Subclones containing the pBluescript phagemid 
together with the insert were subsequently generated in E. coli 
strain Sure. Plasmid DNA from alkaline lysis minipreps of clones 
14, 30 and 36, upon digestion with EcoRI which released the 
inserts, revealed DNA fragments of 4.6, 3.6 and 3 2kb 
respectively. Using the 4.6, 3.6 and 3.2 kb fragments as 
separate probes, Southern blot analysis of Eco Ri digests of 
these clones established that they hybridized each other. These 
clones did not hybridize with the EcoRI fragments of pAC8 a 
protein A probe of DB, thus eliminating the possibility of a 
false positive reaction between expressed protein A gene product 
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and goat anti-fibrinogen antibody conjugate during the screening 
procedure. Further analysis indicated that clone 14 comprises 
about 2/3 of the mature molecule, C 36, extending into the c- 
terminus . 

Expression studie s of t h e fib rinogen re.^wo of s 
aureus - 

Based on restriction analysis, clones 14 and 30 were 
similar. Although clone 36 contained the complete gene as 
determined by sequence analysis, expression of the fibrinogen 
reactive protein with this clone was found to be difficult 
Notably, a culture of clone 14 when grown to late stationary 
Phase (x. e . 0D 600nm 1.5) also resulted in a significantly 
decreased yield in f ibrinogen-reactive protein. This result can 
be explained either by toxicity of this protein on E. coli or by 
increased proteolytic breakdown during stationary phase. For 
these reasons, the expression of the partial protein was 
evaluated in clone 14 that has been grown to early stationary 
phase (OD 600mmn=s i. 0 ). 

Expression studies of different fractions from clone 14 with 
Western Blots probed with either 125 i fibrinogen or 
fibrinogen/anti-fibrinogen conjugate established that the 
protein, which has a molecular size of 34 kD was found in the 
whole cell, periplasmic and membrane fraction (Fig i) m 
contrast, a crude lysate of an E. coli clone which contained a 
pBluescript phagemid with a pBR322 insert did not react with 
fibrinogen (Fig.l). with some fractions (e.g. membrane), there 
was also a higher molecular weight band, possibly a dimer, which 
reacted with fibrinogen. Neither of these proteins were fusions 
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protexns as they were not inducible with IPTG. Additionally 
these bands did not react with polyclonal and monoclonal anti- 
beta-galactosidase antibody (1:1000 dilution) (Boehringer 
Mannheim) on immunoblots. The fibrinogen reactive band also did 
not react with affinity purified chicken anti-protein A antibody 
(Accurate Chemicals, Westbury, NY) , thus providing additional 
evidence that protein A was not cloned which, by binding to IgG 
could lead to false positive results. 

To confirm the binding specificity of this protein to 
fibrinogen, periplasmic extracts which contained fewer 
contaminating bands were -harvested from 4 L of E. coli cells 
expressing the protein of clone 14 and applied to an affinity 
column with fibrinogen linked beads. The cloned proteins of 
interest, as analyzed by silver stain and Western blots with 125 i 
fibrinogen and f ibrinogen/anti-f ibrinogen conjugate, was found in 
precolumn fractions and the 3H potassium thiocyanate eluant. 
However, they were not found in the fall-through, PBS with 0.5 M 
NaCl eluant, nor in the acid eluant (glycine pH 3.0) Fig. 2) 
Although the protein was not purified to homogeneity i„ this one 
step procedure (Fig. 2), these results clearly indicate the 
binding specificity of this protein to fibrinogen. 

Sequence analysis of th» fibrinogen reactive m-o^n 

The complete sequence of the fibrinogen protein expressed by 
clone 3 0 is shown in Fig. 3. The sequence revealed an open 
reading frame of 1,935 nucleotides. The sequence has a 
guanosine-cytosine (GC) content of 34.7%, in contrast to the 30% 
GC content in the staphylococcal genome (10) . The higher GC 
content is attributable to the carboxy terminal half of the 
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molecule (39.7%). Putative transcription and translation signals 
and ribosomal binding sites are indicated in Fig. 3. The first 
26 amino acids have features characteristic of a bacterial signal 
peptide (16). Based on the predicted cleavage site, the mature 
protein has a predicated size of 69,991 Da with a deduced pi of 
6.5. 

Analysis of the deduced amino acid sequence revealed three 
distinct domains in this protein. With the exception of residues 
27-58, the N-terminal half (residues 58-325) of the protein is 
primarily helical as predicted by the Gamier analysis (15) . 
Two areas (residues 58-194 and. 264-294) within the helical 
portion of the molecule reveal a 7 residue periodicity in which 
residue in positions 'a' and d' in a heptad motif 'abcdefg' are 
either hydrophobic or nonpolar (Fig. 4) . This finding is 
suggestive of a stable coiled-coil conformational structure in 
these areas (14.22). The second domain between residues 326 and 
505 denotes a proline and glycine rich region (20%) . of the 180 
residues present, there are 17 proline and 19 glycine residues. 
This contrasts with the N-terminal portion of the molecule in 
which only 3% of the residues are either proline or glycine while 
the remaining carboxyl portion reveals a composition of 14% 
proline/glycine residues. The carboxyl-terminal domain (residues 
506-645) consists of 5 tandem, direct repeats of 27 amino acids 
each followed by 5 terminal amino acids (PRVTK) . Divergence is 
observed mainly in the outside repeats. Conformational analysis 
indicated that this repeat region is nonhelical and contains 
mostly beta-sheets. Comparison of the protein sequence with 
others in the GenbanJc database revealed significant homology to 
three published S. aureus coagulases from S. aureus strains 
8325-4, BB and 213 (18,19,26). With the exception of residue 7 
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in the primary translation product of the fibrinogen reactive 
protein, the N-terminal 33 amino acid residue which include the 
leader peptides among all four sequences were identical and 
therefore are likely to possess identical sequence cleavage sites 
(see Fig. 3). Comparing residues 1 to 422 in the fibrinogen 
reactive protein to coagulases in strains 8325-4, BB and 213, 
there are 56.2%, 73.2% and 56.2% identity, respectively. The 
identity between residues 423 and 645 comprising the five 
repeated units to homologous regions in the coagulase sequences 
increased markedly to 93.9%. 95.1% and 96.9% for strains 8325-4, 
BB and 213, respectively (Fig. 5). Like that of fibrinogen- 
reactive protein, the C-termini of coagulase sequences of strains 
8325-4, BB and 213 are composed of repeating units of 27 
homologous, but no identical, amino acids followed by the 
terminal sequence PRVTK (Fig. 6). However, the number of 
repeating units differ among strains. Although the fibrinogen 
reactive protein sequence displayed features that are common to 
the coagulase sequence, a careful comparison revealed a unique 
stretch of 11 amino acids between residues 409 and 419 
(SVTLPSITGES) in the middle of the proline/glycine rich region 
(Fig. 5). Of interest is the fact that the motif LPSITGES shares 
homology with a cell wall anchor motif (LPXTGX) found in other 
gram positive surface protein (12,28). However, there is no 
complete identity to this heptad motif among sequences in the 
Genbank database. 

Based on all of the foregoing, it is clear that a novel 
fibrinogen reactive protein of S. aureus has been cloned. This 
protein is both structurally and functionally different from 
other apparently similar proteins such as the coagulases. The 
protein and the gene which expresses it are illustrated in Fig. 
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3. The figure shows the complete clone 36 and the protein it 
expresses. Clone 14 runs from nucleotide 684 to nucleotide 1935 
in Fig. 3. The protein expressed by clone 14 runs from amino 
acid residue 229 to 645. Clone 30 is substantially the same as 
clone 14 and expresses substantially the same protein. 

Sequence analysis clearly indicates that the fibrinogen- 
reactive proteins of this invention shares significant homology 
with staphylococcal coagulases. Recent evidence by Boden and 
Flock also suggested that the fibrinogen binding protein of S. 
aureus may possess cross-reactivity with anti-coagulase antibody 
(2). However, several lines of evidence indicate that clone 36 
expresses a unique f ibrinogen-binding protein as do clones 14 and 
30. First, expression studies of clone 14 which expresses amino 
acid residues 229 to 645 show that the expressed protein is 
necessary for fibrinogen binding. In contrast, classical 
coagulase has been found to complex with prothrombin to from 
staphylothrombin which subsequently converts fibrinogen to fibrin 
(10,17). Secondly, there is a unique stretch of 11 amino acids 
in the sequence (residues 409-419) that are not found in any of 
coagulase sequence described. Third, this unique amino acid 
sequence shares homology with a cell wall anchor motif (LPXTGX) 
that is found to be necessary for anchoring in a variety of gram 
positive surface proteins (13,28). Based on these findings, it 
would appear that the fibrinogen reactive protein may belong to a 
family of coagulase-like proteins, yet it is both structurally 
and functionally distinct from any of the coagulases previously 
described . 
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The isolation of fibrinogen binding protein from 
staphylococcal whole cell lysates with conventional 
chromatographic methods has been reported in two studies ( llf31) . 
However, the molecular weight (420 vs 62 kD, and the amino acid 

tTtTTv*^ 5 WidGly bGtWeen ^ tW ° StUdies - In -ntrast 
to the 62 kD protein, methionine and tyrosine, but not cysteine 

residues, are present in the protein of this invention. The 

fibrinogen reactive protein described here as expressed by clone 

36 comprises predominately lysine (n. 2%) , threonine (9.3%, and 

glutamic acid (9%) while glycine (16.8%, , glutamic acid (15%, and 

mT radd^t^ ^ ^ thS « » P^J 

(31). in addition, the deduced isoelectric point (pi-6.5, of the 

ioToTL r 7vn ive protein also differs fron the basic " 

10.2, of the 62kD protein. 

Previous studies have revealed that the fibrinogen binding 
component of S^ureus is a cell wall constituent because it is 
absent m staphylococcal L form (10, and because bacterial 
clumping in the presence of fibrinogen is abolished upon whole 

™ With Pr ° teinaSeS «>' In reviewing the molecular 

architecture of the C-terminal region of other gram positive 
surface-anchored proteins, it is evident that they contain 
several conserved features (13,14,. m the C-terminal of these 

TmIT'h V har96d (4 ~ 7 aain ° aCidS) iS USUa11 ^ ^ 

a highly hydrophobic membrane anchor (about 16-20 amino acids, 

the hexamer LPXTGX, a proline-glycine rich domain and a C- ' 

terminal repeat region (14, . clearly, the C-terminal region of 

the fibrinogen reactive protein is different from the model 

described. In particular, the region preceding the stop codon 

lacks a charged tail and a hydrophobic membrane anchor, instead, 

the five terminal amino acids (PRVTK, are preceded by five 
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repeats of 27 amino acid each. In addition, the region N- 
tenninal to these repeats is a broad proline/glycine region 
(residues 326-505) in the middle of which is a unique sequence 
(LPSITGE) that shares homology with a cell wall anchor motif 
(LPXTGX) found in other gram positive surface proteins. Notably, 
this molecular architecture at the C-terminus is similar to those 
described for pneumococal surface protein A (35). The amino 
terminal half of pneumococcal surface protein A, like that of 
fibrinogen reactive protein, is «* -helical and is consistent with 
an * -helical coiled protein conformation. The < -helical region 
is followed by a proline-rich domain and a repeat domain 
consisting of ten 20-amiho-acid repeats. In addition, it also 
lacks a classic membrane anchor and a charged tail. In contrast 
to the fibrinogen reactive protein, however, there is no LPXTGE 
motif in the C-terminal region of pneumococcal surface protein A. 

The novel proteins of this invention are surface proteins of 
S. aureus. No such proteins have previously been detected, 
isolated and characterized. They are principally characterized 
by their ability to bind fibrinogen. The molecular weight of the 
protein expressed by clone 36 is about 69,991 Da and its 
isoelective point 6.5. The gene which expresses this protein 
contains about 1935 nucleotides, other characteristic features 
of the protein and of segments C14 and C30 are described above. 
Because of the difficulty in expressing protein from clone 36, 
the preferred clone of this invention is clone 36. The preferred 
fibrinogen binding protein is the protein expressed by this 
clone. 
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The protein of this invention, as specifically described 
herein, will be recognized by the skilled artisan as 
representative of a class of protein which may differ amongst the 
various strains of S. aureus , but will all be characterized as 
having substantially the same number of amino acid residues, the 
same tertiary structure and binding activity. They may differ 
slightly in the identity of the amino acid residues at specific 
positions in the protein chain. All such proteins are included 
within the scope of this invention. 

The genes which generate the proteins of this invention may 
also differ slightly amongst various strains, but they all have 
the common characteristic of producing a protein of this 
invention. 

The genes of this invention may be employed, as will be 
recognized by the skilled artisan, to produce plasmids or other 
vectors which, in turn are useful for transforming organisms such 
as E. coli to produce novel strains of this bacteria which will 
express the proteins of the invention. 

Inhibition of the binding of S . aureus to endothelial cells 
is a major factor in preventing infection. Accordingly 
antibodies to proteins expressed by clone 36, its segments clone 
14 and clone 30 and even smaller segments are important factors 
in controlling infection. The proteins and protein segments of 
this invention are therefore useful to form vaccines to inhibit 
S. aureus infections of mammals, including humans, by 
administering an amount of the selected protein which will 
stimulate the production of protective quantities of antibodies 
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to limit adhesion of S. aureus . The proteins may also be used to 
produce antibodies in vitro which may be employed for passive 
immunization. 

The proteins and polypeptide or peptide segments of this 
invention may be obtained by any of a number of known process 
including the recombinant DNA techniques described above. 

Polypeptide and peptides within the scope of the invention 
containing, for example from about 6 to 2 0 or more amino acid 
segments, may be synthesized be standard solid phase procedures 
with appropriate amino acids using the protection, deprotection 
and cleavage techniques and reagents appropriate to each specific 
amino acid or peptide. A combination of manual and automated 
(e.g., Applied Biosystem 430A) solid phase techniques can be used 
to synthesize the novel peptides of this invention. Although 
less convenient, classical methods of peptide synthesis can also 
be employed. For background on solid phase techniques, reference 
is made to Andreu, D., Merrifield, R.B., Steiner, H. and Boman, 
H.G., (1983) Proc. Natl. Acad. Sci USA 80, 6475-6479; Andreu, D. 
Merrifield, R.B., Steiner, H. and Boman, H.G., (1985) 
Biochemistry 24, 1683-1688; Fink, J., Boman, A., Boman, H.G., and 
Merrifield, R.B., (June 1989) Int. J. Peptide Protein Res. 33, 
412-421; Fink, J. Merrifield, R.B., Boman, A. and Boman, H.G., 
(1989) J. Biol. Chem. 264-6260-6267; each of which being hereby 
incorporated herein by reference. 

The products of the invention are amphoteric. They can 
exist and be utilized as free bases or as pharmaceutically 
acceptable metallic or acid addition salts. Suitable metallic 
salts include alkali and alkaline earth metal salts, preferably 
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sodium or potassium salts. Acid addition salts may be prepared 
from a wide variety of organic and inorganic acids including 
mineral acids, for example citric, lactic, maleic, tartaric, 
phosphoric and hydrochloric acids. These salts can be prepared 
by procedures well known to those skilled in the art. 

For use as a vaccine, it is presently preferred to 
administer the selected product in a pharmaceutical^ acceptable 
carrier such as a buffer. Mice or other mammals, including 
humans, when so immunized are protected from colonization and 
subsequent infection by aureus . 

Typically, the patient to be protected will be treated with 
product of the invention in an amount which is effective to 
elicit a protective immune response. The selected agent may be 
administered alone or in a pharmaceutics lly acceptable liquid or 
solid carrier in which it may be dispersed, dissolved or 
suspended. If, for example, the patient is to be treated 
intravenously, the peptide may be suspended as a free base or 
dissolved as a metallic salt in isotonic aqueous buffer. Other 
methods of treatment and pharmaceutical^ acceptable carriers 
will be apparent to the skilled artisan. 

The proteins, polypeptides and peptides of this invention 
and the genes or oligonucleotides which are employed in their 
expression are useful as probes for genes and proteins. They are 
also useful to raise antibodies by which specific strains of 
streptococci can be identified. The sequence of nucleotides 
which elicit the unique segment from position 409 to position 419 
and modification of this sequence are especially useful as 
diagnostic probes to identify S. aureus strains. The procedure 
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« well *now„ to the skilled artisan £ or identifying other 

olL 7 ^ • " inV ° 1VeS ^ ladled 
ongonuoleotxdes which a*e used to probe the DHA released frl 
the suspected graa positive bacteria by all i ysis , e ZTr 
mechanically or enzymatically. .either 
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WHAT IS CLAIMED Tfi - 

1. A gene of the group clone 14, clone 30 and clone 36 
which expresses a fibrinogen binding surface protein on S. aureus 

and segments and analogs of said gene capable of expressly 

surface proteins on S. aureus having substantially the same 
activity. 

2. A surface protein expressed by a gene of claim i. 

3. A plasmid vector carrying a gene of claim 1. 

4. A microorganism transformed by a gene of claim 1 and 
capable of expressing a fibrinogen binding protein. 

5. An antibody to a surface protein of claim 2. 

6. A vaccine effective to inhibit the adhesion of S. aureus 
to fibrinogen because it contains a protein of claim 2. 



-30- 



WO 95/34655 



PCI7US95/07100 



« E 2 

O vi ^ _ 

ft) k_ O 

-2 a -° - 

o C E c 

-e «j <u o 



68kD- 



43kD- 



-s* *?- 

-5«*T v. 



29kD- 



C 

E 

o 
o 



A. 

68kD- 
43kD- 
29KD-. 



O 



GO 



c 
to 
3 



2 

O 

CO 




Fig. 1 



Fig. 2 



1/7 



WO 95/34655 PCT/DS95/07100 



10 20 30 



40 50 go 



ATGAAAAAGCAAATAATATTCCTAGGCGCATTAGCAGTTGCATCTAGCTTATTTACATCG 
MBTLysLysGlnllellePheLeuGlyAlaLeoAlaValAlaSerSerLeuPheThrTrp 

70 80 90 100 no 120 

! *i i ! ! ! 

GATAACAAAGCAGATGCGATAGTAACAAAGGATTATAGTGGGAAATCACAAGTTCAAAAA 
AspAsnLysAlaAspAlalleValThrLysAspTyrSerGlyLysSerGlnValGlnLys 



"0 140 ISO ISO 



170 180 



AAAGAGCGCCAAAATAGTGCTTCAATATCAGATAGTTATTATTGGGATATCATTAAAAAT 
^sGluArgGlriAsnSerAlaSerlleSerAspSerTyrTyrTrpAspIlelleLysAsn 



190 200 210 220 



230 240 



CTAGAATTACAATTTACTGCTGCATTAGATTTATTAGAAGATTATCGATATGG7GAAAAA 
LeuGluLeuGlnPheThrAlaAlaLeuAspLeuLeuGluAspTyrArgTyrGlyGluLys 



250 260 270 



280 290 300 



GAGTATGflAAAAGCAAAAGATCAACTAATGACAAGGATATTAAGTGAAGTCAAGTATTTA 
GluTyrGluLysAl aLys AspGlnieuMETThr Arg I leLeuSe rGluVa iLysTyrLeu 

310 320 330 340 350 360 

' ! ! i | j 

CTTGAGCAAAAAATTAAAGAATA7GACAAGTATAAAGATTTATATAAAGAATATATGAGT 
LeuGluGlnLysIleLysGluTyrAspLysTyrLysAspLeuTyrLysGluTyrMETSer 

370 380 390 400 410 420 

1 1 ! ! ! j 

AAAAATCCAACGTCAAAGG7AAAAAGAGCAAATTTTGATCAATATAATATCGAAGACCTA 
LysAsnProThrSerLysValLys ArgAlaAsnPheAspGlnTyrAsnl leGluAspLeu 

430 4 <0 450 460 470 480 

1 ' ' I I ! 

AGAGAAAAAGAATATAATGATTTACTAAGT7CTATTARAGATGCGGTAGAAACATTTAAA 
ArgGluLysGluTyrAsnAspLeuLeuSerSerlleLysAspAlaValGluThrPheLys 



490 S00 510 S20 530 



S4C 



TCAGATGTACAAAAAATAGAATATGAAAATAAAGAGTTAAAATCTTATTCTTACGAAGAA 
SerAspValGlnLysIleGluTyrGluAsnLysGluLeuLysSerTyrSerTyrGluGlu 



550 560 570 580 590 



600 



GAAAAGAAGGCTGCITCTAGAGTTGATGATTTAGCAAATAAAGCGTATAGCGTTTATTTT 
GluLysLysAlaAlaSe rArgVa 1 AspAspLeuAlaAsnLysAlaTyrSerValTyrPhe 

610 «0 630 640 650 860 

<:::,': 

GCGTTTGTTAGGGATACACAACATAAAACTGAGGCATTAGAGTTAAAAGCGAAAGTGGAT 
AlaPheValArgAspThrGlnHisLysThrGluAlaLeuGluLeuLysAlaLysValAsp 
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670 680 «90 700 7X0 



^AGTTTTAGGTGATGAGGACAAACCACATCGCATCTCTAA.^^. 
^uValL euGlyAspGlu ^ pLysProHisArgIleSerAsnLy3Ar5iieGi ^ aGiu 



720 

TAAAAGAATTGAAAATGAA 



73 ; 74 ? 7s ° ™ 

J^^f^AAT^ 

METLeuLysAspLeuGluSerllelleGluAspPhePhelleGluThrGlyLeuA^^ 

79 ? 8o ; "J "0 a30 

STTATGATAGTAGTAAACATnarTa-pa » * ~„ J 

ProAspAsnlleThrSe 



CCTGATAATATTACGAGTTATGATAGTAGTAAACATGACTATAAACATCATAGAGAaRrr 

* 5 : ™ ™ 
91 ? 92 ? 

i i I i . 

ACTAAAACTGTCAAAACATATGGTGAAGCTGAAACAAAAGCACATGTTGTJUViAraa^»i 
^^^^^ 



970 980 990 1000 1010 



1020 



L/sLysValGluGluProGlnAlaProLysValGlyAsnGlnGlnG^^SS 

104 ° 1M J 
GTTCATAAAGAAGTTGAAGCAACACAACC^GTGGCACAG^ 
ValAspLysGluValGluAlaThrGlnProValMaGlnHisLeuValGlytS^n 

"'J U0 J 1110 U30 mo 

GGWCAATTACAGGTGAAA^GTAAAAGGTCCAGACTATCCAACGATW 
^VThrlleTnrGlyGluUeValLysGlyProAspTyxProThrMETC^^ 

11S ? 11S ? " 7 ° "80 ii 9 o 

wacaaggtgaaatagttcaaggtccagattttctaacaatggaacaaaIcagaccatct 
LeuGlnGlyGluIleValGlnGlyProAspPheteuThr^GluG^^g^ 

1210 1220 1230 



1240 1250 



1260 



TTAAGTGACAATTATACACAACCATCTGTC^ 

LeuSerAspAsnT^ThrGlnProSerValThrLeuProSerlleThrG^^S 
1270 1280 1290 1300 1310 i 320 

P ^rh^ 1 " ^^^"*^^^^TCTTGAAGGTAGCTC AT CTAAACTTGAAATAAAACCA 
ProThrAsnProIleLeuGluGlyLeuGluGiySerSerSerLysLauGlu^^p^ 
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133 ° 134 ° "SO 1360 1370 i 3ao 

C^TACTGAATCAACGT^GAAAGGTACTCAAGGAG^TCAAGTGATAlrGAAGTTAAi 
GlnGlyrhrGluSerThrLeuLysGlyThrGlnGlyGluSerSerAspIleGiuValLya 

1390 1400 1410 1420 1430 1440 

! ! | 

CCTCAAGCAACTGAAACAACAGAAGCTTCTCAATATGGTCCGAGACCGCAATTTAACAAA 
ProGlnAlaThrGiuThrThrGluAlaSerGlnTyrGlyProArgProGlnPheAsnLys 

1450 1460 1470 1480 1490 1500 

' ! I j j I 

ACACCAAAGTATGTGAAATATAGAGATGCTGGTACAGGTATCCGTGAATACAACGATGGA 
ThrProLysTyrValLysTyrArgAspAlaGlyThrGlylleArgGluTyrAsnAspGly 

1510 1S20 1530 1S40 1550 1560 



1 I i I | i 

ACATTTGGATATGAAGCGAGACCAAGATT(^lAQ\AGCeA^TGAAACAAATGCATACAAC 
^ T^^eGlyTyrGluAlaArgProArgPheAsnLysProSerGluThrAsnAlaTyrAsn 

1S70 1SB0 1S90 1600 1610 1620 

' ' " i | I 

GTAACGACAAATCAAGATGGCACAGTAACATATGGCGCTCGCCCGACACAAAAAAAGCCA 
ValThrThrAsnGlnAspGlyThrValThrTyrGlyAlaArgProThrGlnLysLysPro 

1630 1640 1650 1660 1670 1680 

' I I I ; j 

AGCAAAACAAATGCATACAACGTAACAACACATGCAAATGGTCAGATATCATATGGCGCT 
SerLysThrAsnAlaTyrAsnValThrThrHisAlaAsaGlyGlnlleSerTyrGlyAla 

1690 I 700 1710 1720 1730 1740 

1 ! ! ! ! 

CGCCCGACACAAAAAAAGCCAAGCAAAACAAATGCATACAACGTAACAACACATGCAAAT 
ArgProThrGlnLysLysProSerLysThrAsnAlaTyrAsnValThrThrHisAlaAsn 

1750 1760 17?0 1780 1790 ia 00 

1 I I i I I 

GGTCAAGTATCATATGGCGCTCGCCCGACACAAAAAAAGCCAAGCAAAACAAATGCATAT 
GlyGlnValSerTyrGlyAlaArgProThrGlnLysLysProSerLysThrAsnAlaTyr 

1810 1820 "30 1840 1850 i860 

1 1 I ! i ! 

AACGTAACAACACATGCAAATGGTCAAGTATCATACGGAGCTCGCCCGACATACAAGAAG 
AanValThrThrHisAlaAsnGlyGlnValSerTyrGlyAlaArgProThrTyrLysLys 

1870 1880 1890 19 00 1910 1920 

< i ! i ; j 
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